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Abstract. - The chemical composition of horizontal soil barriers in an active landfill have been evaluated to determine: 
the degreee of the refuse decomposition followiog a two year active management periodo The analysis performed 
include the distribution of inorganic elements and the composition and amounts of the suite of chemicals found in 
the water soluble and lipid fractions from the soillayers taken at different depths. The total content of organic matter. 
as well as of carbohydrates, volatile fatty acids (VFAs), and humic-like substances, increases with depth whereas 
the amounts of amino aclds and lipids foUow irregular trends. The similar patterns of VFAs in the different samples 
anaIyzed indicate that similar conditions prevail through the dump profile. On the other band, the progressive 
transformation undergone by the lipids from fresh organic matter, mostly produced by microbial activity, is reflected 
in the distribution patterns of o-a1Jcanes and n-a1Jcanoic acids. Among the most relevant xenobiotic compounds only 
dialkyl phthalates and traces of a series of polychlorinated biphenyls (PCBs) were detected. 
INTRODUCTION 
Understanding the origio and fate of organic compounds in contemporary and anclent environments is ooe of the 
key concems of eovironmeotal biogeochemistry. lo agreement with Bracke et al. (1991), modero waste disposal sites 
could be considered as "biochemica1 reactors" , i. e. , dynamic systems ideal for monitoring biogeochemical processes. 
No other natural system offers such advantages to provide short-term information on the rate of organic maner 
degradation with respect to aerobic/anaerobic metabolism and varying redox conditions, which therefore may simulate 
the cbanges of depositional organic matter during the very earliest stages of diagenesis. 
Urban wastes are a source of a large variety of organics, and therefore their assessment has a direct applicability 
in environmental pollution studies. Additional interests arise from the knowledge 00 potential dynamic 
biogeochemical processes in cootaminated sites, in particular the mechanisms of pollutant sorption in soils, and 00 
the effectivity of the compacted soil barriers used to line landfills, which are influenced by a set of phenomena 
recently reviewed by Suter et al., (1993). 
00 the other band, the dumping site constitutes an environment that favors microbial organic acid generation 
(Bracke and Pütmann, 1992). Many investigations 00 anaecobic aquatic sediments have demonstrated that volatile 
fany acids (V FAs) are released as end-products of specific oxidations catalyzed by different anaerobic species 
(Sansone, 1986, and references therein). In fact, the significance of these acids with regard to their possible influence 
on mineral solubilization and diagenetic processes, or as buffers to control the extent of reactions under oxidizing 
conditions is a topic of major interest in organic geochemical studies (Kawamura and Nissenbaum, 1992; Barth and 
Riis, 1992; Pickering and Batts, 1992). Dumping sites therefore are suggested as models to study the terminal steps 
of anaerobic organic matter decomposition by stimating VFAs tumover rates at various depths. 
With the aboye considerations in mind, we have investigated in this work: the distribution of inorganic elements 
and the evolution of the organic matter composition within a dump profile in a controlled landfill. The effect of 
increasing time of maturation and the general biocbemical evolution of the organic components present in the fresh 
municipal refuse was studied by taking soil-refuse mixtures at different depths. 
MATERIAL AND METHODS 
Sampling was carried out in a landfill (Conica-Montemarta, located near Sevilla, South Spain) excavated in a low 
permeability ciay soi!. After a running time of two years in one part of tbe deposit, tbree profiles (7 m) were open 
tbroughout the site to address the issues of heterogeneity and spatial variability, and samples (two replicates) 
consisting of mixtures of refuse and the soil used to compact tbe urban wastes (0.5 m thickness) were taken at tbree 
different depths. According to the dates of newspapers found at tbe different deepths, the three samples corresponded 
to 6 (Bl, 1.0-1.5 m), 18 (B2, 3.0-3.5 m) and 24 (B3, 6.5-7.0 m) months after waste deposition. Samples from tbe 
original soils (BO) used to line the wastes were taken for comparison. The two years of landfilloperation was 
coincident with a drought period (annual average rainfall of 550 mm) and no leachates could be sampled. 
Ibe physico-chemical characteristics and mineral composition of tbe samples were determined following standard 
procedures used in the analysis of soils (Hesse, 1971). 
Finely ground and Iyophylized samples (100 g) wer:e put ~Il a column and first extracted with all-glass distill~ ~~ 
. -
deionized water (500 00). Ihen they were extracted in a SoxhJet witb methyJene chloride:methanol (3:1) for 50 h. 
Humic-like substances were extracted with 0.5 N NaOH and fractionated into humic acids and fulvic acids with 
procedures previously described (Gonzalez-Vila el al., 1974). The amounts of carbohydrates and amino acids were 
calculated in the water soluble fractions by established metbods (Clark, 1965; Ashwell, 1966). The alDino acid 
composition was determined by HPLC (Waters 510 equipped witb a UV detector Waters 481) as described elsewhere 
(Heinrikson and Meredith, 1984). Volatile fany acids (V~As) were extI"acted from the acidified water soluble fractio~ 
with diethyl ether. Ibis fraction and the methylated (witb etbereal diazometbane) and silylated (with BSIFA) lipid 
extracts were analysed by direct injection into a GC-MS system (HP 5988A). 
The mixtures of lipids were separated using a fused silica capillary column (HP Ultra 2) of 25 m x 0.2 mm Ld. 
A different fused'silica capillary column (FFAP, J&W Scientific) was used for the VFAs. In both cases the oven 
temperature was programmed from 40 to 100 oC at a rate of 30 °C/min and then from 100 to 300 oC (200 oC for 
the FFAP column) at 6 °C/min witb 25 min final bold. Helium at a flow rate of l mIlmin was used as carrier gas 
and the ionizing voJtage of the mass spectrometer was 70 eV. Ihe quantitative determination of the different 
components in the total ion chromatograms (TICs) was performed from the areas of the chromatographic peaks, and 
their identification by matching with computer stored library spectra (Wiley, NBS). 
RESULTS AND DlSCUSSION 
Table I shows the evolution of different physieo-chemical parameters and the distribution of the inorganie elements 
and organie fraetioos through the dump profile. Data correspond to average values for the different parameters. The 
low standard variations in the different parameters in the samples eollected in the different profiJes might suggest 
that they have similar biogeocbemical behaviour. 
The progressive organie carbon and nitrogen enrichment troughout the profile eould reflect different phenomena. 
sueb as microbial biomass aceumulation, leaching, etc., and is consequence ofthe well known sorptive interactions 
and ehemical bonding of organic molecules with the soil mineral complex (Greenland and Hayes, 1981; Sposito. 
1989). Tbese organic-clay mineral interactions bave been considered important in cubon burial and preservation. 
although Baham and Sposito (1994) could recendy prove that the adsorption of organic compounds extraeted from 
sewage sludges on c1ays is reversible and restricted to the extemal surfaces of the minerals. 
Table 1. - Chemical characteristics of the original soil used to line the wastes 
(BO), and of the soil-refuse mixtures taken at different depths (BI-B3) (*) 
00- Bl B2 B3 
(I-Um) (3-3.5m) (6.5-7m) 
pH 7.3 a 7.5 a 7.3 a 7.3 a 
CE (dS/m) 2.40 a 2.41 a 2.49 a 3.40 a 
CO, (%) 10.00 b 14.10 b 4.50 a 6.60 a 
TOM (%) 0.41 a 0.53 a 0.71 b 1.67 e 
N (%) 0.03 a 0.05 a 0.08 b 0.13 e 
P (%) 0.02 a 0.02 a 0.03 a 0.03 a 
K (%) 0.24 a 1.13 b 1.20 b 1.13 b 
aya. P ppm 3.9 a 4.0 b 10.0 e 13.0 e 
aYa. K ppm 139.0 a 133.0 a 282.0 b 714.0 e 
Ca (%) 6.50b 6.57 b 2.29 a 2.50 a 
Mg (%) 0.30 a 0.31 a 0.31 a 0.36 a 
Na (%) 0.50 a 0.53 a 0.38ab 0.45ab 
Fe (ppm) 14x10' a 14xl0' a 18xlO' ab 24xlO' ab 
Mn (ppm) 180 a 186 a 169 ab 163 ab 
Zn (ppm) 60b 47 b 29 ab 47 b 
Cu (ppm) 7a 7a 9 ab 11 ab 
Cr (ppm) 30 a 31 a 36 a 60b 
Ni (ppm) 19 a 27 a 38 ab 46b 
carbohydrates* 11a 25ab 37 ab 45 b 
amino acids** 324 b 546 a 393 b 664 a 
VFAs* 115 a 280 b 460 e 
lipids* 9a 41 ab 159 b 93 ab 
humic acids* 8.2 a 14.7 ab 35.3 b 56.7 e 
fulvic acids* 1.9 a 3.8 ab 10.1 e 14.3 e 
Values followed by different letters in the same row differ 
significandy (P < 0.05, test of Tukey) 
(av) average on zonal soils; (*) mgll00g; (**) nmol/g 
The parallel accumulation of sorne trace metals (Cu, Ni, Cr) argues for their immobilization in organometallic 
complexes. The release of inorganic ions upon the decomposition of organic material s is a well known process. The 
irregular behaviour of the Zn content is noticeable in contrast with the relative homogeneous values for Ca, Mg and 
Na. This is not in accordance with tbe observation that the shift from aerobic to anaerobic conditions increases the 
concentration of K, Ca and Mg in the soil solution (Reddy el aJ., 1986). 
In agreement with previous data (8racke and Pütmann, 1992), carbonates have been mobilized and redistributed 
within the profile. As suggested by these authors their mobilization from the upper part was probably mediated by 
organic matter whereas re-precipitation in form of siderite and other metal carbonates might occur in the lower part 
of the protil. 
As shown in Table 1, the progressive increase in total organic matter through the profile is reflected in concomitant 
increases of the different organic fractioos isolated. Only the amounts of SohxJet-extractable lipid and amino acids 
show irregular behaviours with depth, which might be due to the great heterogeneity of the samples, and could 
probably reflect the seasonal variations in the refuse composition. The somewhat unexpected accumulation of 
polysaccharides a10ng the profile might indicate that they could be biosyntethized wde novo w by anaerobic 
microorganisms. However, it has been shown that the biostability of carbohydrate structures depends on 
conformational and steric factors, which may affect the accessibility of microbial enzymes (Waksman and Cordon, 
1939). 
As stated above, the total amino acid content does not follow a regular trend a10ng the dump profile. Tbe same 
was found for the individual amino acids (Table 2), since the amounts of sorne of them decrease with depth whereas 
others accumulate selectively. Tbe only rational explanation for this observation could be the high hetereogeneity 
of the samples. Apparently, some amino acids (arginine and proline) are more readily metabolizable than others. 
Altematively, their distribution could reflect the microbial biomass contribution. 
Table 2.- Amino acids composition (nmol/g) in the samples. 
81 82 83 
aspartic acid 0.0 0.0 0.0 
glutamic acid 1.0 2.2 4.7 
serine 2.2 0.0 0.0 
glycine 5.5 0.0 0.0 
histidine 13.7 18.5 48.3 
arginine 90.0 7.5 20.2 
threonine 0.0 225.9 422.7 
alanine 32.7 0.0 0.0 
proline 361.3 52.0 48.0 
tyrosine 3.3 6.9 1.4 
valine 7.7 20.9 27.5 
methionine 0.5 19.9 38.2 
cysteine 5.0 1.5 0.8 
isoleucine 8.1 11.5 15.3 
leucine 8.4 18.1 23.8 
phenylalanine 5.3 8.4 11.4 
Iysine 2.0 0.0 1.6 
The diethyl ether soluble cornpounds present in the water soluble fractions of the sarnples are dominated by linear 
and iso-branched volatile fatty acids (V FAs) in the range c.-CIO and sorne simple aromatic acids. Their relative 
concenttations (taken tbe amounts of n-C6 as the 100%) are shown in Table 3. 
Table 3.- Relative quantitative distribution of volatile fatty acids (VFA) 
and aromatic cornpounds in the water soluble fraction of the samples. 
iso-C4 
n-C4 
iso-C5 
n-C5 
iso-C6 
n-C6 
n-el 
n-C8 
n-C9 
n-CIO 
benzoic acid 
pbenylacetic acid 
pbenylpropionic acid 
straightlbranched ratio 
alipbatic/aromatic ratio 
81 
0.0 
4.7 
6.5 
30.8 
6.5 
100.0 
39.2 
82.2 
36.4 
6.5 
3.7 
20.6 
17.8 
lOA 
7.4 
82 
2.8 
25.2 
14.0 
45.8 
4.7 
100.0 
28.0 
38.3 
8.4 
2.8 
6.5 
18.7 
4.7 
7.9 
9.0 
83 
2.8 
31.8 
16.8 
62.6 
4.7 
100.0 
60.7 
57.0 
10.3 
4.7 
804 
41.1 
30.8 
8.0 
4.3 
The distribution of VF As in our samples is similar to that observed by 8racke and PüttmanD (I99i) after laboratory 
percolation of industriallandfillleacbates tbrougb clays. According to these authors, the acidic organic anions were 
dominant in the clay exttacts in comparison with other constituents of the originalleacbate, since they are repelled 
and not bound. Tbat reason may also explain the predominance of VFAs among the water soluble products. The 
similar distribution of VF As in the three samples argue for continuing biocbemical acetogenic degradation of the 
primary organic compounds of the wastes. It is interesting to note the decrease of n-e., n-e. and n-CIO with depth. 
On tbe conttary, a great increase ofbutyric acid (n-C.) was found especially in tbe samples 81 and 82, as indicated 
by tbe values for the n-CJn-c, ratio (Bl =0.04, 82=0.25, 83= 0.31). These resu1ts also agree with the leaching 
effect, and with the progressive accumulation of tbe sborter cbains and most soluble compounds. 
Altbougb !he exact biocenosis involved in tbe fermentation in nature is stiU unknOWD, it is generally accepted that 
the genesis of VFAs tates place during tbe acetogenic pbase of tbe anaerobic fermentation of cellulosic and otber 
wastes (Goetz and Wienberg, 1984; Bulock and Kristiansen, (987). The effect of beat on cultures from sewage 
sJudge (80 oc for 15 mio) usually kilis tbe metbane-producing organisms, leaving anaerobic spore-forming bacteria 
wbich are not only able to digest cellulose yielding glucose, but also to ferment the glucose into acetic acid and otber 
VFAs. Overloading leads to a build-up of VFAs (because tbe metbanogens metabolize more slowly tban tbe VFA 
producen) and tbe concomitant fall in pH further favors tbe VFA producers. Metbane production falls and VFAs 
accumu1ate (Prive el al., 1987). 
Anaerobic processes seem to bave exceeded tbe acetogenic process as indicated by tbe progressiveiy increasing 
yields of branched organic acids compared to their straight-chain counterparts, since the biodegradation of the latter 
occurs more readily (Bracke and Püttman, 1992). Thus the ratio of straight- to branched-chain organic acids wiU 
decrease with increasing methanogenesis. In conclusion, the VFA distributions suggest that similar conditions 
prevailed through the dump profile. 
The amounts of humic-like extracts also increase along the dump profile. The accumulation of reca1citrant organic 
molecules and humic substances have been correlated with the progressive lipid resistance to decay during the 
anaerobic degradation of organic matter (Almendros et al., 1991). It is assumed that under anaerobic conditions waste 
degradation proceeds more slowly and permits the humification process to start. 
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Figure J.- Total ion chromatograms (rlC) oftM lipid components ofthe samples. A: n-alkanes. B: n-Jarty acids. 
C: n-alkanols. O: others (hydroxy acids. triterpenoids. alkyl amines. dialkyl phthaJates. polychlorinated bipMnyls). 
Tbe changes in the composition of the lipid matter can bave an especial significance since the most common 
biomarkers are present in this fraction. Fig. 1 shows the chromatograms of the lipid extracts, with indication of the 
chemical nature of the main individual components. The extracts contain high amounts of n-alkanes and n-fatty acids 
and minor quantities of other anthropogenie and biogenie non biodegradable polar eompounds from either the primary 
products present in the wastes andlor the microorganisms whieh alter and utilize these organie matter after deposition. 
Tbe relative molecular distributions of the main series of eompounds identified are shown in the histograms of Fig. 
2. Wben comparing the three layers, the lipid pattern reveals only minor ehanges with depth. Tbis suggests that no 
severe post-depositional ehanges of the primary organie matter bave occurred. 
In alI the layers the n-alkanes series present a clear bimodal distribution (Fig. 2). Tbe homologues in the range 
C,,-C,. present a maximum at Cl6 and a very sttong even-to-odd carbon numbee predominance, arising most probably 
from the microbial reduction of the originally present fatty acids andlor a1eohols. The homologues in the range Cl> 
c" show no or low oddIeven predominance, and a slight predominance of ~ and C,l' suggesting both anthropogenic 
inputs from fossil fuels, i.e. crude oils, and higher plant wax sources. Indeed, the envelope of the unresolved 
complex mixtures (UCM) of branehed and cyelie hydrocarbons in the samples are cbaracteristic traces of petroleum 
residues. Different terpenoid compounds such as sterols and triterpenols were a1so identified with similar distribution 
in all the samples. 
Long-cbain n-fatty acids in the range Cl.-~' and n-alkanols in the range from CI1-Cn , both with a clear preference 
of even carbon numbers and maxima at Cl6 and Cn , were major components of a11 the total lipid extracts. Tbese 
series arise from lipids of higher plant biomass present in the landfill. Traces of branched fattyaeids, typical from 
microorganisms, bydroxy alkanoic acids and methyl ketones were a1so minor components identified in the three 
layers. Tbe inercase with depth of the relative abundance of the CII:1 fatty acid is noteworthy. This fact is somewbat 
surprising since is well known tbat unsaturated fatty acids are very susceptible to bacterial hydrogenation. Possibly, 
this increase is mainly due to a bacteriaI input (biosynthesis "de novo") rather than to debydrogenation of the 
saturated counterparts. 
Tbe origin of alI these long-cbain lipids in the elay mineral sealings of a waste disposal site bave becn recentIy 
delineated (Püttman and Bracke, 1995). These authors identified a somewbat similar suite of organic cbemicals than 
those found in our samples and explained their occurrence by the fermentative hydrolysis of plant wax esters followed 
by microbial or elay catalized oxidation and decarboxylation of the fatty acids and alkanols produced. Tbe 
preservation of highly alipbatic materials into the clay interlayers should aIso not be precluded. 
Several dialkyl pbthalates arising from plasticizers were found in the three samples. Tbese compounds are 
ubiquitous contaminants and bave been previously found in eomposts from municipal refuse (GonzaIez-Vila el al. , 
1981). Likewise, some refractory produets, such as trialkyl amines and linear aIkyl benzenes, derived from a variety 
of cleaners and other surface-active products from bousehold laundry detergents, as well as traces of polyeblorinated 
bipbenyls (PeBs), were identified in the samples. 
In conclusion, after onIy two years of study, only limited inferences can be drawn on the possible accumulation 
of bydrophobic compounds. Tberefore further sampling after increased running time of the landfill is planned, since 
presumably the degree and cbaraeter of the degradation process will change with the time. For this comparative study 
the organic matter status presented in this work will be taken as reference to monitor tbe further potential changes. 
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